Background: To determine the mean eruption time of permanent teeth of Pakistani children and to evaluate the effects of gender, type of schools, height, weight and body mass index on it. Methods: This cross sectional study was conducted from September 2007 to April 2008. 4370 children of 'just erupted' teeth were obtained from 102 randomly selected schools from 18 towns of Karachi, using systematic random sampling procedure. The dental examination was carried out for the selected child. Height, weight and date of birth were also obtained. Two sample't' test and paired 't' test were employed to compare the mean time of eruption between gender and type of schools (private/ public), and upper and lower jaws. Pearson and partial correlations were used to determine the significant relationship between eruption time with height, weight and BMI. Results: The right first molars of upper and lower jaws showed the minimum eruption time. Second molars were the last tooth to emerge. Only 3 teeth showed significant difference of eruption time between the genders. None of contralateral teeth showed any statistical significant difference. All the mandible teeth, except the premolars, erupted earlier than maxillary teeth. Private schools children showed early eruption than the public schools children. The Pearson and partial correlation were significant positively correlated with height. Eruption time of all the teeth, except one, showed positive correlation with weight.
Introduction
Parents consider tooth eruption as an important event in the child's development, and they have often showed their concern about the timing of eruption of teeth. Mostly the information on the age of permanent teeth emergence used in clinical and academic situations in Pakistan is based on American and European standards (1, 2) . However, it has been suggested in the literature that standards for tooth emergence should be derived from the population in which they are to be applied because factors related to emergence may vary considerably in both dentitions (3) . Similarly, adequate knowledge of timing of permanent tooth emergence is essential for diagnosis and treatment planning in Pediatric Dentistry and Orthodontics (4) . Furthermore, information on tooth emergence is also used to supplement other maturity indicators in the diagnosis of certain growth disturbances, and in forensic dentistry to estimate the chronological age of children with unknown birth records (4, 5) . Therefore, the specific standards of the time of emergence of teeth characterize an important resource for general dental practitioners, orthodontists and pedodontists. Many studies are conducted in different population and among different ethnic groups all over the world (4, (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) . However, no study is reported from Pakistan, except one for primary teeth (17) and one for permanent teeth, conducted only for boys in pre-partition time (18) . Therefore, there was a need to conduct such a study to establish proper norms for time of eruption of Pakistani children. The objective of the study was to establish a norm for the mean eruption time of permanent teeth, except the third molars, of Pakistani children. Furthermore, to find out the effect of gender, type of schools (private/public), height, weight and body mass index on the eruption time.
Materials and Methods
This cross sectional study was conducted from September 2007 to April 2008. Karachi City is divided into 18 administrative towns. In year 2007, 3948 public and 2560 private schools were registered in the city schooling system. However, for the better administrations, a public school is divided into primary, secondary and high schools sections separated for each gender, and are registered as different schools. Therefore, if we choose a high school, the attached primary and secondary school will automatically be included in the sample. In private schools listing, the system is just opposite. Not only one registered school covers all the primary, secondary and high school sections for both the gender, it also covers many campuses, located at different areas. Therefore, by looking the school lists with this complex setting, it was determined that the number of cases in private and public schools should be divided in the ratio of 3:1. Four thousand cases were planned to obtain for the study. Ten percent more is added into this sum to make sure that minimum committed number is obtained. Literature indicates that about 15-20% of the total children have at least one tooth just erupted. Therefore, we were expecting to examine about 25,000 children to obtained 4,400 cases of just erupted teeth. Assuming that each school enrolls on average 250 children, we were needed to visit about 100 schools to obtain the required number of cases. Furthermore, it was also decided to collect at least 150 cases for every tooth to make sure that mean eruption time for each tooth will be calculate on the basis of a reasonably good number of cases. The expected total was divided into different towns according to the proportion of schools. Schools were randomly selected from the list of schools, using systematic random sampling procedure. Letters were posted at the addresses mentioned in the list of schools to obtain the permission from the administration. Since the response rate was very poor, the author has visited by himself to the selected schools to explain the purpose of the projects and got the permission from the administration. Time and dates were arranged with administration. A schedule calendar was prepared for the investigation team. A team of 2 dentists (1 male & 1 female) and 2 assistants (1 male & 1 female) visited each school on the assigned day and time. Every present student of the class was examined for general checkup. If a child had just erupted tooth, that child was taken away from the class room. The criterion of the just erupted teeth was defined as: a tooth deemed to have emerged if any part of it was visible in the mouth. The dental examination was carried out by field examiners using the dental examination kit under fluorescent light. The height was measured in centimeter, using wall-mounted ruler on the child's head with their back and knees completely straight, and their feet together. The weight was measured in kilogram using a commercial digital scale after removal of the shoes only. The date of birth was obtained from the school records. The clinicians were trained and calibrated by showing many clinical pictures of just erupted, unerupted or erupted teeth. No casts or subjects were used for inter or intra examiner calibration. Because it s very easy to distinguish among the above three different conditions for a tooth. Virtanen (19) indicated that the criteria for tooth emergence are so clear that evaluation of the error of the method is not necessary. The data were analyzed using SPSS statistical software. Two sample't' test was employed to compare the mean time of eruption between gender (male/female) and type of schools (private/ public), while paired 't' test was used to compare the mean time of eruption upper and lower jaws. Pearson and partial correlations were used to determine the significant relationship between eruption time with height, weight and BMI of the children.
Results

Descriptive Statistics
The total number of private and public schools included in this study were 76 and 26, respectively. About 25,000 children were screened from these 102 schools. Out of those, 4394 children of 'just erupted' teeth (cases) were obtained for the study. Twenty four of them were non-Pakistani. Therefore, the analysis was carried out only for 4370 Pakistani children. Fifty five percent of the sample was male and 80.3% of children were studying in grade 1 to grade 5. The mean age of the children was 9.31±2.27 years (R: 2.5 -17.7 years). Table 1 shows the descriptive statistics (number of cases, mean, median, standard deviation, and 95% confidence interval of mean) of eruption time of both the jaws and P-value for antagonist teeth (upper and lower corresponding teeth). The minimum mean eruption time was 6.5±1.1 years of right first molar of mandibular jaw (# 46). The maximum eruption time of 11.8 years was for the 2 nd molars of maxillary jaw. All the mandible teeth, except the premolars, erupted earlier than maxillary teeth. The difference of mean eruption time all the contra-lateral (left and right) teeth did not show any statistical significance. Table 2 discusses the mean eruption time for male and female children. There was no significant difference of eruption time between gender in all the studied teeth, except tooth #15, # 25 and # 43. Females showed significantly late eruption in mandible second premolars (#15 and #25) and early eruption in right mandible canine (#43). Table 3 depicts the mean eruption time among private and public schoolchildren. Twenty five teeth, out of 28, of the of private schools children showed early eruption than the public schools and 17 of them: tooth type (#17, #15, #13, #21, #22, #23, #25, #26, #27, #47, #44, #42 #31, #32, #34, #35 and #37), were statistically significant. Table 4 shows the Pearson and Partial correlations of eruption age with height of the patients. The Pearson correlation was significant positively correlated with height for all the teeth (P<0.0001), except tooth #31 and #35 (P=0.057 and 0,076, respectively). The Partial correlation of eruption time with height, controlled for weight, for all the teeth was also significant positively correlated (P<0.0001), except tooth #31 and #35. Table 5 shows the Pearson and Partial correlations of eruption time with weight. Eruption time of all the teeth, except tooth # 42, showed positive correlation with weight. However, only 15 of them showed statistically significant for non-zero correlation. Only five teeth (#17, #26, #42, #41, #32) showed significantly non-zero partial correlation of weight, controlling with height. All of them showed negative sign. Table 6 shows the Pearson correlation between the eruption time and Body Mass Index (BMI). Only 7 teeth (#16, #26, #45, #44, #43, #41, and #32) showed significant correlation. Table 7 and Table 8 give the information of eruption time of female and male children of Australia (6), Iran (10), India (13, 18) , Ghana (20) , Nigeria (21), USA (22) , Belgium (23), Finland (24) and this study. 
Discussion
In the literature, different population groups are targeted to determine the mean eruption time of permanent teeth. However, no reported data are available for Pakistani children, except an article published in pre-partition time for the mean eruption time of boys from Lahore (18) . Due to unavailability of local data, the standards for eruption time being taught in dental colleges of Pakistan, are based on non-Pakistani population, especially American and European standards (1, 2) . It is documented in the literature that significant variation exists in time of eruption and emergence sequence in different population (3). Therefore, it was a noteworthy and significant contribution to make an investigation of the standard values of eruption time of Pakistani children. This report presents baseline information for time of eruption of permanents teeth of Pakistani children. Furthermore, except the Iranian study (10) , all the previous studies established the standard of eruption time on moderate or small sample sizes. This study was quit a comprehensive one and covered all the towns of Karachi, the largest metropolitan city of Pakistan. About thirty three million children were enrolled in Pakistan up to the secondary schools (grade 1 to grade 10) in 2006 (25) . Fifty seven percent of them were male children. In this study the percentage of male children was 55%, which was not very far from the national data of male percentage in the schools. In many parts of Pakistan, especially in rural areas, families do not send their daughters to school. Karachi is mostly urbanized and this type of negative attitude against females does not exist in this town, therefore, we were expecting higher percentage of females' enrolment.
The study was not a hospital based-study. Therefore no radiograph was available. Consequently, it was not possible to determine the congenitally missing teeth. Holman et al. (26) discussed the impact of congenitally missing teeth on the mean eruption time. They concluded that estimates of eruption time without considering congenitally teeth were biased upward (always less than 1%), and the standard deviations were consistently overestimated by 3-5%. However, for adequate sample sizes agenesis does not lead to substantially biased estimates. Since in this study the sample size was quit large, therefore the effect of congenitally missing teeth would not be significant. This study did not show any trend of difference of eruption time between male and female children. None the study teeth, except maxillary second premolars (#15 & #25) and mandibular right canine (#43), showed any statistical significant difference among gender. These results of mostly insignificant differences and no clearcut trends in the eruption time of male and female children did not agree with almost all the other studies, where they have shown that the girls have advanced eruption time than male children (4, (5) (6) (7) 12, 19, (27) (28) (29) . However, these results did agree with few other studies (30, 31) . This result of no significant eruption time between male and female children is most important finding of this study. Therefore, the eruption pattern among Pakistani children is very much distinct with other nationalities in this regard. The mean eruption time of none of the contralateral (right and left) teeth were statistically significant. Therefore, the eruption time of contralateral teeth was symmetrical. This finding agreed to almost all the studies mentioned in the literature. Mean eruption time of all the mandible teeth, except the premolars and first molars, showed statistically significant early eruption than maxillary teeth. The largest difference between antagonist teeth was observed in canines and incisors. This trend of early eruption with significant differences of mandible teeth, except the premolars and first molars, agreed to other studies (6, 7, 10, 15, 19) . How ever, the study of Nanda (32) did not agree with this result. The children from private schools showed early eruption than public schools. Seventeen teeth showed significantly earlier eruption in private schoolchildren. In Pakistan, the children of low socio-economic classes usually enroll in the public schools. Therefore, malnutrition could be a significant factor in delayed eruption. Triratana et al. (33) showed that the malnutrition children usually have delayed eruption than the children grow with normal healthy diet. In our study, it was observed that eruption of teeth was positively related to somatic growth (height and weight) of the children and the results were in agreement with Billewicz (7) and Agarwal (13) . All partial correlations between eruption times with heights (controlling the weights) were positively correlated with P<0.05, except tooth # 31 and #35 and these partial correlations were not very much different to the Pearson linear correlations (without controlling the weight). Pearson linear correlations of eruption times with weight were all positive and statistically significant. However, when partial correlations with weights were computed (controlling the height), all the values became negative except one tooth in maxillary jaw and five teeth in mandible jaw, and only five of those negative correlations were statistically significant. It infers that the children who are tall, it did not matter whether they are heavy weight or not, going to have delayed eruption. However, if they are heavy, it would be early eruption if they are not tall and delayed eruptions if they are tall. Due to these conflicting outcomes of the linear and partial correlation of height and weight with eruption time, the BMI showed 50% positive correlation and 50% negative correlations. Therefore, no prediction for the eruption time can be made on the basis of BMI.
The difference of eruption of time in different populations are linked to many attributes, like genetics factors (34) , environmental factors including the socioeconomic status and nutrition (5, 7, 9) , and climate (35) . It was also found that eruption times were also varied among the same ethnic groups (3, 8, 35) and also attributed to genetic variations (8) . Information showed that the eruption time of Pakistani children is delayed than African children, while they showed early eruption than Iranian children.
In reading of reported differences in the eruption time, the readers should be careful for the definition of emergence and eruption, sampling methods, sample sizes, age groups, number of cases in each group, eating habits and socioeconomic effects.
In conclusion, the following conclusions were obtained from this study:
• On average the first erupted tooth was the right maxillary first molar, emerged at the age of 6.5 years and the last tooth was mandible 2 nd molar, emerged at the age of 11.8 years,
• There is no significant difference of eruption time between gender in all the studied teeth, except tooth #15, # 25 and #43.
• There was no significant difference between the contralateral teeth of right and left side, • All the mandible teeth, except the premolars, erupted earlier than maxillary teeth.
• Ninety percent of the teeth of private schools children showed early eruption than the public schools.
• The children who are tall, it did not matter whether they are heavy weight or not, showed delayed eruption. However, if they are heavy, it would be early eruption if they are not tall and delayed eruptions if they are tall.
• There was no systematic relationship between the eruption time and Body Mass Index (BMI), In general, the study showed that the eruption time of Pakistani children are different in few respects and agreed in others, when comparing with the information reported in the literature of other countries.
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